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A NEW METHOD FOR THE DETERMINATION OF 
EQUIVALENT CRACKING CONDITIONS FOR 
COMMERCIAL CRACKING REACTIONS.* 


By S. L. Neppz (Associate Member). 


Summary. 
The following new points have been brought out in this paper : 
1. A chart is given showing that a t-line relationship exists between 


the factor FP, for which velocity of cracking is doubled and the cracking 
The relation can algebraically as F, = 0-04¢ — 10. 


2. An equation— 
0, _ — 
a, 0-04, — 10 


(where @, and are the periods o and ¢, 
respectively), has been derived from theoretical considerations. This very 
closely d the relation between time of cracking and temperature oe 
commercial cracking under constant pressure for a definite yield 
of product. 
Another chart has been constructed which can be utilized in a most 


simple manner for converting cracking conditions at any one tem 
or périod into equivalent cracking conditions at any other specified tem- 


perature or period. 


Tue following is a new method derived by the writer for correlation of 
the equivalent cracking conditions (temperature and time) during any 
commercial cracking operation. 

According to Leslie,’ the influence of pressure as such on the 
of reaction is negligible. Similarly, the view of Cross ? is that the primary 
importance of high pressure in cracking is the avoidance of evaporation, 
which otherwise would considerably decrease the temperature of the liquid. 

The effect of pressure is therefore not discussed in this paper, the 
assumption being made that the theory is independent of pressure. Little 
error should be introduced, since the pressure during @ run is generally 
kept approximately constant (say at 500 Ib. per square inch), and varia- 
tions are made mainly only in temperature and time of cracking. 

It is generally recognized that cracking reactions follow approximately 
the well-known physical a principle, that the velocity of reaction 
doubles itself for a rise of 18° F 

Owing to the fact that the cracking of an oil commercially is actually 
a combination of process, including polymerization, depolymerization, etc., 
it has been found by various investigators that as the temperature of 
cracking is increased a greater differential is required to achieve doubling 
of the reaction velocity than at lower temperatures. 

Thus, Egloff and Nelson * state that the rate of reaction is doubled for 
a change of approximately : 
21° F. at 800° F. 
26° F. at 900° F. 
26° F. at 950° F. 


* Paper received 12th May, 1941. 
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Similarly Keyes * gives the following values : 
21° F. at 750° F. 
24° F. at 850° F. 
28° F. at 950° F. 

Geniesse and Reuter® report that the reaction rate doubles for an 
increment of 25-2° F. at 842° F. 

These results have been plotted graphically in Fig. 1. This shows that 
a straight-line relationship is the most reasonable reflection of the position. 
The point 26° F. at 950° F. has been neglected, as the same authorities 
report also the same value of 26° F-: at a different temperature, 900° F. 
The latter value, however, falls exactly on the line, which also passes 
midway between the two values given in the two references ** for the 
factor of 21° F. In addition, the point 25-2° F. at 842° F. falls off the 
line on the other side, so that the errors involved are for all practical 
purposes compensated. 

Thus algebraically at any temperature ¢, we can say that the velocity 
of cracking reaction is doubled for a rise of F, degrees Fahrenheit, where 
F, can be written as F, = mt + c. 

From the solution of the curve, it is found that m_ = 0-04 and c = —10, 
so that 
From the expression of the principle of reaction velocity it follows that 


= 


Now, since the velocity of reaction is inversely proportional to the time 
(6), we get : 


V, + 3 
V,  6+%0 
Substituting equation (3) in (2) we have : 
6 = gute 


6 + 36 
Taking logs of either side 
log.(® + 80) — log, = — log, 2. 
0(1 + — log, 0 = log, 05. 
log, © + log. (1 — log, 0 


[since log. (1 +2) =2—-F 45 — 


and when = 2* and higher terms are negligible. | 
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Integrating R.H.S. between limits ¢, and ¢, corresponding to 6, and 6, 
respectively : 


where 
so that 


and 


Hence we have 


+ log, 05 [log (me + 


From (a) and (6), we find that the general expression correlating time and 
temperature of reaction is : 


logs = log, 05 [log (me + 


Substituting for m = 0-04 and c = — 10, as in equation (1), and sim- 
plifying, the final equation reduces to : 


17-32867 log, 004, — 10 


04t, — 

It is important to remember that if it is stated, for example, that the 
velocity of cracking at 900° F. is doubled for a rise of 26° F., it is incorrect 
to say that the velocity at 926° F. is twice that at 900° F., or that at 
900° F. is twice the velocity at 874° F. 

Actually 900° F. is the mean temperature at which the velocity is doubled 
for a rise of 26° F., so that the correct expression in this case is, the 
velocity at 900 + 4 or 913° F. is twice that at 900 — 42 or 887° F. 
Thus in general : 
if 


then tp = t, + (5) 


As an example of the accuracy of Ba general equation (4), we 
the wate of Gadling nection will be 
twice that at 900° F. 


Then qt = 2 and ¢, = 900 
ty = 926-52° F. 
By calculation from the equation to the curve in Fig. 1, 
F, = 0-04¢ — 10 
- we have F, = 0-04 (900 +5") — 10, 


where F, is the factor at the mean temperature of t, and ¢,, or F, = 


Fi 


| 
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= 26-53 
= 900+ F,= 92653 F.. . . . . fy) 


The agreement between (xz) and (y) is excellent. 

Table I has been drawn up to show the relative rates of cracking reaction 
at various temperatures. This has been obtained by direct reference to 
Fig. 1 and utilizing the factor F, at the mean temperature, as mentioned 


above. This curve can be utilized directly when ¢# = power of 2. 


For example, a time factor of unity was chosen at 800°, 820°, 840° F. etc., 
and the problem was then to determine the necessary temperature at which 
the velocity of reaction is doubled for each case, that is, the time halved, 
to achieve the same resultant effect. The method indicated in the above 
a th was used except that F, was obtained directly from the chart 

.1). The results for a relative time factor of 2 were then 822-5°, 843-3°, 
ea" F., etc. Doubling the velocity again and again gives the tempera- 
tures at factors 4 and 8 respectively. The same procedure holds for deter- 
mining also the corresponding temperatures for time factors 0-5, 0-25, 
0-125, 0-0625, etc. 

The precision is then dependent on the accuracy of reading the graph. 
At other ratios véry accurate results can be obtained by calculation from 
the general expression equation (4). 


Taste I. 


Cracking temperatures (° F.) corresponding to relative time factor. 


Time factor ~ unity at 


840° F. | 860° F. | 880° F. | 900° F. | 920° F. | 940° F. | 960° F. | 980° F. |1000° F. 
8 870-2 | 892-7 | 915-2 | 937-7 | 960-2 | 982-7 > _ - - _ 
4 845-9 | 867-5 | 8890-2 | 910-8 | 932-5 | 954-1 | 975-8 | 997-4 _ _ _ 
2 822-5 | 843-3 | 864-1 | 884-9 | 905-7 | 926-5 | 947-3 | 968-1 | 988-9 [1009-8 |1030-6 
1 “0 “0 | 840-0 | 860-0 | 880-0 | 900-0 | 920-0 | 940-0 | 960-0 | 980-0 |1000-0 
05 778-5 | 797-7 | 816-9 | 836-1 | 855-3 | 874-5 | 893-7 | 912-9 | 932-2 | 951-4 | 970-6 
0-25 757-8 | 776-2 | 794-7 | 813-2 | 831-6 | 850-0 | 868-5 | 887-0 | 905-5 | 923-9 | 942-4 
0-125 737-0 | 755-6 | 773-4 | 701-2 | 808-8 | 826-5 | 844-2 | 862-0 | 879-8 | 897-5 | 915-2 
0-0625 | 7188 | 735-8 | 7562-9 | 769-9 | 786-9 | 803-9 | 820-9 | 838-0 | 855-1 | 872-1 | 889-2 
0-03125 5 | 716-8 | 733-2 | 749-5 | 765-9 | 782-2 | 798-5 | 814-9 | 831-3 | 847-7 | 864-1 
0-0156 - - 714-4 | 730-0 | 745°7 | 761-4 | 777-1 | 792-8 | 808-5 | 824-3 | 840-0 


These results have been used in the preparation of Fig. 2, which is 
exceedingly useful for determining graphically the equivalent cracking 
conditions of any operation over a fixed period with varying cracking 
conditions, including coming on and off stream, variations in temperature 
due to endothermic nature of cracking reactions in general, or variations 
due to other causes, such as changes in furnace firing conditions, etc. 
With these curves it is possible to determine equivalent cracking con- 
ditions for any value of relative time factor, thus obviating cumbersome 
calculations. 

For example, Fig. 3 shows four curves of cracking conditions (tempera- 
ture v. time) for two cracks each on two topped crude oils A and B. Each 
run was carried out under constant pressure conditions of 500 Ib. per 
square inch. 

Without a method such as evolved here it would be impossible to say 
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with any certainty what were the actual equivalent cracking conditions 
throughout the tests, even if comparatively regular curves had been 
obtained, and not curves of most inconsistent shapes, as illustrated here. 

The graphical method of solution consists of deciding on a fixed tem- 

perature (say 850° F. for first crack: oil A) at a position shown on the 
curve. Mark off small intervals of time on the curve as shown, and treat 
each small section independently. Determine the average temperature and 
time for each increment, and determine the point on the 850° F. line, in 
this case, which is on the vertical from the temperature under considera- 
tion. For example, the 800° F. vertical meets the 850° F. line at a point 
0-22 time factor, or the 890° F. line meets the 850° F. at a point 3-00 time 
factor. This means that 1 minute at 800° F. is equivalent to 0-22 minutes 
cracking at 850° F., and that 1 minute at 890° F. is equivalent to 3-00 
minutes at 850° F. Multiplying the factor found in this way by the 
appropriate time interval gives the actual equivalent time at the assumed 
standard temperature of 850° F., say, for that particular increment of 
time. 
Naturally, the higher the effective temperature at any point on the 
curve, the shorter should be the time interval that must be chosen, so 
that accuracy is not sacrificed for expediency. It is immediately evident 
from the curve that the error in taking fairly large time intervals at the 
lower temperatures when coming on and off stream is small, especially if 
the test conditions are such that the initial rise and final fall are carried 
out as rapidly as possible. 

By the addition of the results for each interval at 850° F., the con- 
clusion may be obtained that the conditions are equivalent to, say, 84-5 
minutes at 850° F. This can be converted into any other condition very 
simply by means of the same chart, Fig. 2—e.g., if the equivalent tem- 
perature is desired, say, for 60 minutes’ cracking, refer to the ratio 


“= 1-41 and determine the intercept of this ratio on the 850° F. line. 
The corresponding temperature reading on the abscissa is 863-5° F. Simi- 
larly, what is the equivalent cracking period at a temperature of 910° F. ? 


The time is a x 84-5 minutes—i.e., 16-25 minutes. 

Table IT illustrates clearly that, although the four curves represented in 
Fig. 3 appear to be widely different, there is actually no great variation in 
the equivalent cracking conditions for each run. 

In order that*there should be no misunderstanding, the writer wishes 
to emphasize that the theory of this work would be totally unaffected if 
the results of the authorities (3), (4), and (5) selected are shown not to hold 
exactly for all types of cracking reactions using any crude. 

For example, W. L. Nelson,® in a discussion on the “ Theory of Crack- 
ing,” has accumulated a large amount of data from the work of Leslie and 
Potthoff,’ and Keith, Ward, and Rubin,® in addition to results by Geniesse 
and Reuter.5 These have all ventured to give definite statements regarding 
the rate at which the velocity of cracking changes with temperature. 
These results have been represented graphically by Nelson in a composite 
curve for liquid, mixed and vapour-phase cracking. He has shown that 
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although the data of these various workers display apparently many incon- 


sistencies, it is nevertheless possible to get an idea of the qualitative effect — 


of temperature on the rate of cracking. 


Taste II. 
Equivalent Cracking Conditions. 


Oil A. Oil B. 
Temp.,°F.| First Second First Second 
crack, crack, crack, crack, 
850 84-5 64-6 


Mins. Temp., ° F. | Temp., ° F. | Temp., ° F. | Temp., ° F. 


60 863-5 853 857 854-5 
20 903-5 893 897 894-5 
10 929-5 919 923 920-5 

5 956-5 946 951 948-0 


A most careful consideration of all the results concerned over the range 
700-1000° F. has been made by the writer, who has arrived at the con- 
clusion that the values reported by the authorities (3), (4), and (5), and 
used as the basis of Fig. 1 of this paper, probably reflect the true position 
as accurately as could possibly be determined, especially when due regard 
is paid to the experimental difficulties encountered in such determinations. 

A definite mathematical substantiation of this statement is that if 
moments be taken about the line F, = 0-04¢ — 10 decided on by the 
writer, the algebraic sum of the moments of all points considered by Nelson 
and in this discussion is found to be almost exactly zero. 

Actually, if the line chosen in this paper to represent F, = mt + c is 
proved by others to be, say, F, = m,t + ¢,, or even an expression of the 
type : 

the only alteration in the theory would probably be negligible changes in 
the actual figures used in Fig. 2. 
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HOMBRE PINTADO, VENEZUELA * 
By G. W. Hatsg, B.Sc., A.M.Inst.C.E. (Associate Member). 


- VENEZUELA occupies a position unique in the development of the world’s 
oil resources. The first commercial oil-well there was completed in 1914. 
The present Venezuelan oil-fields were at that time in unmapped, unknown, 
almost uninhabited regions, without roads or other means of access. Not- 
withstanding this, such a tremendous amount of development was done 
that by 1928 Venezuela was the world’s second largest producer of petro- 
leum. To achieve this position in the space of 14 years in spite of the 
great natural difficulties and lack of local resources was a remarkable 
accomplishment. 

The most important oil-fields of Western Venezuela are also near, or 
actually in, Lake Maracaibo. A most efficient technique and special 
equipment have been developed for drilling in the lake, and derricks may 
now be seen many miles from the shore, in water up to 70 feet deep. Even 
the low-lying land surrounding the lake has its own problems, mostly due 
to the swampy nature of the country. At Lagunillas, on the eastern shore - 
of Lake Maracaibo, an extremely interesting and most unusual problem 
had to be met. The land in that region was sinking. This necessitated 
the building of extensive bunds or dykes, otherwise the lake would have 
encroached far inland over the steadily sinking, flat, low-lying, alluvial 
shore. 

North-east of Lake Maracaibo is the State of Falcon. In early Tertiary 
times, Lake Maracaibo and Falcon were part of the same big sedimentary 
basin, but in the late Tertiary they became separated and developed as 
two different units. 

In Falcon, folding and erosion have resulted in a low-lying east-west 
coastal strip, giving place southwards to foothills, and then to mountain 
ranges (see Fig. 1). South of the Falcon ranges is the depression of Lara, 
which forms the basin of the River Tocuyo, and south of this again the 
main range of the Venezuelan Andes. 

These large-scale alternations of plains with mountain ranges have 
strongly affected the climate. The north-east trade winds, charged with 
moisture, pass over the northern plains, where they drop very little rain. 
In the foothills the rainfall increases, and takes the form of very heavy 
showers of short duration. Farther south again, in and near the main 
range of Falcon, which rises to a height of 7000 feet at its western end, full 
tropical rainfall is experienced. 

The southern side of the main Falcon range drops with astonishing 
abruptness a mile or more in elevation to the plains of Lara. This striking 
physiographic change causes an equally striking meteorological one; the 
mountains are covered with full tropical vegetation, yet 2 or 3 miles south 
the vegetation is sparse, and consists mainly of cactus and the thorny 
bushes which characterize semi-arid areas here. This semi-arid climate 
continues south until the foothills of the main range of the Venezuelan 
Andes are approached. 


* Paper received 19th January, 1942, 
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Thus the effect of topography on the north-east trade winds causes the 
repetition twice over of the cycle :— 
(i) Plains with little rainfall. 
(ii) Foothills with medium rainfall. o 
(iii) Mountains with full tropical rains. 
This twice-repeated cycle takes place in a north-south distance of 125 
miles. 


WEST VENEZUELA 


SCALE /. 100.000. 


MARACAIBO 
LAKE , 
LAGYUNILLAS LARA 
MARACAIBO 


The Hombre Pintado oil-field operated by the British Controlled Oil- 
fields, Ltd., lies in the intermediate region of foothills, 25 miles from the 
north coast. These foothills have been uplifted by comparatively recent 
crustal movement, and are in an early phase of the cycle of erosion. They 
rise to a maximum. height of 2500 feet in the immediate vicinity of the 
oil-field. Although the rainfall is only moderate in total amount, the 
showers are extremely heavy,,and the vegetation is not thick; conse- 
quently erosion is tremendously active. The result of this is precipitous 
and inaccessible topography (see Fig. 2). 

In 1926 British Controlled Oilfields, Ltd., drilled the first well at Hombre 
Pintado, The only possible approach was up a stream gorge, often with 
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vertical sides. The road frequently crossed and re-crossed the stream. 
Oil was obtained in sufficient quantity to encourage further drilling. 
In 1927 and 1928 the Standard Oil Co. of Venezuela drilled four wells, 


one of which has produced over a quarter of a million barrels of oil. An: 


~ idea of the topographic conditions may be gained from the fact that well 
No. 5 (see Fig. 1), although close to No. 4, is 500 feet above it in elevation. 
No. 2 is less than a mile from No. 3, yet the road between them is over 
— long, because it has to go round some precipitous and impassable 


DIAGRAMMATIC 
SECTION 
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No more drilling was done for 9 years, until in 1937 British Controlled 
Oilfields resumed operations. Surface geology had been mapped as a 
fairly simple anticline in the form of the crown of a structure sheared off 
from its flanks. This crown has been downdropped some thousands of 
feet, bringing Miocene rocks of the arch level with Eocene rocks of the 
flanks, but in itself it appeared to have remained intact and more or less 
unbroken. It therefore offered scope for further drilling for oil. Cores 
and electric logs subsequently obtained provided the additional informa- 
tion that there is a concealed angular unconformity, and that the structure 
is cut into a number of blocks by faults which were undoubtedly formed 
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as part of the movement of collapse subsequent to very strong folding. 
This block-faulting has had a most important effect on the final distribution 
of the oil, which has probably re-migrated more than once. 

Drilling has given positive proof that the fold axes are old and estab- 
lished, and that each new folding movement has been super-imposed along 
a pre-existing axis. In El Mene, for instance, there is a strong post-Eocene 
fold, a medium post-Oligocene fold, and a gentle post-Miocene fold. There 
is angular unconformity both between the Eocene and the Oligocene and 
between the Oligocene and the Miocene. These unconformities imply 
periods not only of complete cessation of the folding forces, but also of 
subsidence. Notwithstanding this, and regardless of the competence and 
loading of the subsequently deposited beds, new folding took place exactly 
along the old axis each time. 

Drilling in 1937 and 1938 at Hombre Pintado was carried out at reason- 
ably accessible sites (see Fig. 3). As the nature of the structure clarified, 
however, it became evident that some inaccessible areas were geologically 
favourable. The idea of inaccessibility, therefore, was no longer tenable, 
and B.C.O. engineers were faced with the problem of getting to appar- 
ently impossible places the large amounts of heavy equipment necessary 
for drilling. Various seemingly fantastic schemes were discussed, amongst 
them that of leaning a light railway against the hillside and hauling all 
equipment up on a flat car. This, in fact, was the scheme actually adopted 
for various locations. 

Directional drilling was one of the first possibilities to be considered. 
All production so far obtained, however, is at less than 2000 feet depth, 
which leaves insufficient room for deviation except with excessive angles. 
In addition to this, the concealment of the structure by unconformity, 
together with the erratic distribution of the oil due to the effect of the 
fault mosaic, made accurate forecasting of oil horizons an impossibility. 
For these reasons directional drilling was thought to be impracticable. 

The first well with a railway was No. 22 (see Fig. 4). The railway is 
2 feet 6 inches gauge, and was laid in sections with steel ties already 
attached. The well is 245 feet above the valley, and the distance is 520 
feet, which gives an average slope of 1 in 2-1. Actually, it is steeper than 
this, because the initial slope is gentle for over 100 feet. 

On account of the steepness of the slope, it was necessary to provide 
against the railway-track slipping down under its own weight and buckling. 
This was done by tying the track to the ground at points where there 
was rock or other suitable foundation. 

The power for hauling up the flat car was provided by an old, heavy 
production winch, situated at the foot of the track. From this a casing 
line, double the length of the track, passed round a pulley anchored to a 
“dead man ” at the top of the railway-line and back to the car. Guide- 
pulleys for the wire-line were set up at convenient points. 

Although it was at first thought that leaning railways against hillsides 
was not feasible, it soon became routine work and called for no comment 
(see Fig. 5). It entails the disadvantage of extra handling of over 100 
tons of equipment for each well, as compared with direct transport by truck 
or tractor. Another drawback is that production pulling winches cannot 
be driven to these wells. These smaller matters, however, do not appear 
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formidable once the major problem of drilling at an apparently inaccessible 
site has been solved. 

Hombre Pintado means “‘ Painted Man,” and the name is derived from 
some aboriginal Indian designs incised on a vertical sandstone outcrop in the 
Hombre Pintado stream (see Fig. 6). The principal figure is about life 
size, and its centre is now 12 feet above the bed of the stream. This 
presumably means that erosion has cut the stream-bed down some 12 feet 
since the figure was made, which would represent a relatively short time 
interval, possibly not more than 200 or 300 years, under the local conditions 
of rapid denudation. But for oil, this region would have remained almost 
exactly as it was when inhabited by primitive Indians. 
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